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Chapter 1 
 
General Introduction 
 
 
1-1 Introduction 
 
1-1-1 History of lighting 
 
With the discovery of fire, the earliest forms of artificial lighting used to 
illuminate an area were campfires or torches. Prehistoric people used 
primitive lamps to illuminate surroundings. These lamps were made from 
naturally occurring materials such as rocks, shells, horns and stones, were 
filled with grease, and had a fiber wick. Lamps typically used animal or 
vegetable fats as fuel. Fireflies have been used as lighting sources. Candles 
and glass and pottery lamps were also invented (Williams, 1999). 
With the development of electricity and the incandescent light bulb, the 
luminosity of artificial lighting improved to be able to be used indoors. They 
became widely used and extended the time that people could stay up, among 
other developments. Artificial lighting technology began to be developed tens 
of thousands of years ago, and continues to be refined in the present day.  
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There has been considerable recent development of light sources 
consisting of monochromatic light-emitting diodes (LEDs) that make use of 
the high energy of short-wavelength regions. LEDs gradually replaced some 
of the traditional light source products. Environmental protection, small size, 
high reliability, and other characteristics of the LEDs lamps are gradually 
prominent. Developed a series of products will be completely different from 
the traditional light source applications become very popular. The light 
source is no longer just play lighting effects, its changing makes it more 
appropriate for people working and living in the little.  
 
 
 
1-1-2 Adapting and Light environment  
  
To survive and reproduce, all living organisms must adjust to conditions 
imposed on them by their environments. Conformity between an organism 
and its environment constitutes what biologists call adaptation.      
Physiological anthropology is a field that deals with humans mainly 
living in highly technological environments (Yasukouchi, 2005). The human 
biological system had therefore adapted to a natural living environment 
molded more by natural forces, such as sun light. Liberman (1991) also 
mentioned that natural light plays a role in maintaining health: When we 
speak about health, balance, and physiological regulation, we are referring 
to the function of the body’s major health keepers; the nervous system and 
the endocrine system. These major control centers of the body are directly 
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stimulated and regulated by natural light (Edwards et al., 2002). However, 
the present artificial environment, which has been modified and molded by 
sophisticated technological advents in a moment on a scale of the 
evolutionary history, presents many challenges to the intrinsic physical 
resources of human beings (Yasukouchi, 2005). It is not more than 100 years 
since Swan in Scotland and Edison in the United States invented the 
artificial light bulb. Today, throughout the world people spend a large portion 
of their time under the influence of lighting which differs radically from 
natural daylight. (Rikard, 1986). Since life evolved under the influence of 
sunlight, it is not surprising that many animals, including man, have 
developed a variety of physiological responses to the spectral characteristics 
of solar radiation and to its daily and seasonal variations (Wurtman, 1975).  
It has been suggested that artificial lighting may serve to increase stress by 
increased sympathetic nervous system activity and increased secretion of 
stress-related hormones (Hollwich et al., 1980). Beyond the energy factors 
being considered, it is important not to over-design illumination, lest adverse 
health effects such as headache frequency, stress, and increased blood 
pressure be induced by the higher lighting levels. In addition, glare or excess 
light can decrease worker efficiency (Dilouie et al., 2006).  
   The findings already in hand suggest that light has an important 
influence on human health, and that our exposure to artificial light may 
have negative effects of which we are not aware. Lighting enables humans to 
go about their lives, including work and play, as effectively as possible. It 
provides for our visual need, and also life and safe.  
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1-2 The visual and non-visual effects of light 
 
1-2-1 How the eye works 
 
The human eye is a spherical organ capable of swiveling under muscular 
control within the eye socket in the skull. It functions in roughly the same 
way as a traditional camera with a lens that projects an inverted image of a 
scene onto a light sensitive inner back surface. The human eye is a 
light-sensing system with a pupil and a photoreceptive medium called the 
retina. The retina contains two photoreceptors: rods and cones. Cones (which 
see photopic lumens or bright light) are responsible for day vision. Rods 
(which see scotopic lumens or dim light) are associated with night vision.   
Unlike the rods, the cones are individually connected to the brain so they are 
less sensitive to light intensity. There are three types of cones, sensitive 
respectively to red, green and blue radiation, which are responsible for 
giving us our perception of color.  
Light reaching the retina of the eye is converted into electrical signals 
that are transmitted by the optic nerve. Most of these signals end up in the 
visual cortex of the brain and produce our sense of vision. However, some of 
the nerve fibers split off from the optic nerve soon after leaving the eye and 
send signals to the suprachiasmatic nucleus, which is the area of the brain 
where the main clock for the human body resides (Edwards et al., 2002). 
Wurtman (1975) claimed that light has biological effects important to health 
and that some of these effects could be measured in a laboratory. 
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1-2-2 Non-visual pathway and visual pathway 
 
As regards the mechanism of visual effects, as early as 1722 the 
Dutchman Antony van Leeuwenhoek noted the presence of ‘rod and cone 
cells’ in the retina. This discovery opened the way to the understanding of 
many of the visual lighting effects already described and to a more concrete 
investigation into the visual effects of lighting, the goal being to design more 
effective lighting installations (Van et al., 2004). However, light serves for 
much more than just vision in humans. For example, some totally blind 
people even show physiological responses to light stimuli without consciously 
seeing them.  
Since Berson et al. (2002) detected a novel, third type of photoreceptor in 
the retina of mammals, the no-visual effects that light has can be better 
understood. This novel photoreceptor cell type, an intrinsic photosensitive 
retinal ganglion cell, is considered to play a crucial role in many of the 
non-visual biological effects of light also in humans. The existence of such a 
photoreceptor can explain why pupil constriction, melatonin suppression and 
circadian entrainment are still possible in rodless-coneless transgenic mice 
(Lucas et al., 1999), also in humans (Klerman et al., 2002). Studies of 
melanopsin-knockout mice, however, demonstrate that although melanopsin 
plays an integral role in circadian phototransduction, it is not essential for 
non-visual ocular-mediated responses (Ruby et al., 2002).  
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There are two major photic pathways:  a visual pathway: light stimulus       
retina ( mainly the cone and rod)      lateral geniculate nucleus 
(LGN )      visual cortex       image formation. And a non-visual 
pathway, light stimulus is first perceived on the retina. while the cone, rod 
and photosensitive ganglion cells project impulses to the suprachiasmatic 
nucleus (SCN) of the hypothalamus; i.e., the retinohypothalamic tract 
(RHT) (Klein et al., 1983; Berson et al., 2002; Hatter et al., 2002). In 
coursing to the pineal body, a signal transmits through several important 
sites, where the light stimulus might affect physiological functions; viz., a) 
the paraventricular nucleus (PVN) of hypothalamus displays functions 
related to the autonomic nervous system (ANS) with reference to 
cardiovascular regulation and related to cortisol secretion via the posterior 
pituitary and adrenal cortex; b) the medial forebrain bund (MFB) affecting 
mood; and c) the reticular formation (RF) affecting the cortical arousal level 
(Yasukouchi , 2005). 
It is only two decades since the entraining and phase-shifting capacity of 
light on human circadian rhythms was discovered. It has been the primary 
research focus since. These responses include long-term modifications of 
circadian rhythms and acute changes in hormone secretion, heart rate, sleep 
propensity, alertness, core body temperature, retinal neurophysiology, 
pupillary constriction, and gene expression (Brainard et al. 2001; Lucas et al. 
2001; Dijk et al., 2002; Hankins et al.,2002; Lockley et al. 2003). 
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1-3 A review of the visual and non-visual effects studies 
 
1-3-1 The visual color effect of light  
 
In 1666, Sir Isaac Newton discovered that when pure white light is 
passed through a prism, it separates into all of the visible colors — each color 
comprising a single wavelength that cannot be further separated. Color is 
the perceived wavelengths of the visible electromagnetic spectrum reflected 
by an object（Willard et al., 2008）. 
Response to color is both physiological and psychological. Physiological 
human responses to color as evidenced by the electroencephalogram, 
galvanic skin response, blood pressure, heart rate, respiration rate, and eye 
blink frequency are reviewed (Peter, 1984). In the 1940s, Russian scientist 
S.V. Krakov originally established the theory of various color effects on 
sympathetic and parasympathetic nervous system in humans which led to 
rapid development of photobiology and chronobiology, that the color red 
stimulated the sympathetic nervous system, while blue stimulated the 
parasympathetic nervous system (Sanja et al., 2008). Gerard (1958) found 
that red produced feelings of arousal and was disturbing to anxious or tense 
subjects, while blue generated tranquility and well-being. Gerard also 
discovered blood pressure increased under red light and decreased under 
blue light, relating blood pressure changes to changes in light wavelength. It 
has been found that when color is transmitted through the human eye, the 
brain releases the hormone, hypothalamus, which affects our moods, mental 
clarity and energy level (Rikard et al., 2009). Color has been shown to alter 
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alertness and the production of hormones that affect mood, energy level, and 
mental clarity. Knez (2000) proposed, akin to Belcher and Kluzny (1987a) 
and Baron and Rea (1991) thinking, a causal link of affect from the luminous 
environment to cognitive performance via mood. For example, it has been 
suggested that red has greater capacity for arousal than blue (Ali ,1972; 
Gerard ,1958), however, finding from a more recent study suggest that there 
is no statistically significant difference between these two color in term of 
physiological arousal and it may be hue rather intensity of color that has an 
impact(Mikellides,1990). In addition, recent studies have found that 
responses to color may vary depending on age, gender, culture and 
preferences (Manav, 2007; Qu, 2004). 
Color has a strong impact on our emotions and feelings (Hemphill, 1996). 
Colors in the red area of the color spectrum are known as warm colors and 
include red, orange and yellow. These warm colors evoke emotions ranging 
from feelings of warmth and comfort to feelings of anger and hostility. Colors 
on the blue side of the spectrum are known as cool colors and include blue, 
purple and green. These colors are often described as calm, but can also call 
to mind feelings of sadness or indifference (Ballast, 2002; Wexner, 1982). 
Most researchers are in general agreement that long-wavelength colors are 
more arousing than short-wavelength colors (Valdez et al., 1994). Warm 
colors raise the heart rate and increase hunger. This makes them popular 
choices for fast-food restaurants. They are also eye-catching and appear as 
warning signs on fire trucks, brake lights, stinging insects, stoplights, traffic 
cones, hazardous substances, and inmate uniforms. 
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1-3-2 Researches on non-visual effects of light 
 
Monochromatic light, or one-color light, is essentially electromagnetic 
radiation derived from photon emissions from atoms. Energy levels 
determine the frequency of light, and the length of a wave determines its 
color. Monochromatic light is technically light having only a single 
wavelength, however no real electromagnetic radiation is purely 
monochromatic, so monochromatic light is said to have a wavelength within 
a very short wavelength range (Hubel,1988). 
Electrical light sources include cool white fluorescent, incandescent, 
energy-efficient fluorescent, full-spectrum fluorescent lighting, and LED. 
Each type has a different level of energy consumption. However, the most 
important factor affecting effects of light on the body is the different 
spectrums of light that each source produces. Different wavelengths or 
spectral distributions of light have different effects on the human body. The 
spectral sensitivity of melanopsin ganglion cells is different from that of the 
classical photoreceptors. This allows designing human study protocols in 
which the non-visual effects of light at specific wavelengths (i.e., 
monochromatic light) can be tested and deriving conclusions about a possible 
involvement of the new photoreceptors in the alerting response to light. 
 
Natural and artificial light exposure can influence human physiology and 
behavior in a multitude of ways. The mammalian eye detects light for both 
image generation and measurement of environmental irradiance. In humans 
a wide range of non-image-forming (NIF) light responses are influenced by 
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gross changes in environmental irradiance; for example, circadian rhythms 
(Boivin,1996; Zeitzer er al.,2000; Gooley et al.,2010), acute suppression of 
melatonin (Lewy et al., 1980; Brainard et al.,2001; Thapan et al.,2001), sleep 
(Münch et al.,2006), elevation of body temperature(Dijk et al.,1991), and 
both subjective and objective alertness at night(Cajochen et al.,2000) . In 
most studies to date, the alerting effects of light are often explained by its 
mediating effect on melatonin suppression. However, Figueiro et al.(2009) 
demonstrated that exposures to both short-wavelength (blue) and 
long-wavelength (red) lights in the middle of the night increased beta and 
reduced alpha power, although only blue light signiﬁcantly suppressed 
melatonin levels. Exposures to 40 lx at the cornea of red and of blue light 
signiﬁcantly increased heart rate relative to darkness. Their ﬁndings 
suggest that the acute melatonin suppression is not needed for light to have 
an effect on alertness. In contrast to this very extensive and remarkably 
intensive examination of the effects of light on the human circadian system, 
relatively little attention has been paid to another influence of light on the 
human brain- its alerting and activating effects. It would be important to 
also develop lighting schemes that will promote alertness during the 
daytime.  
Until recently the brain mechanisms involved in the non-visual effects of 
light were largely unknown. Neurobehavioral responses triggered by light 
exposure encompass improved alertness and performance (Vandewalle et 
al.,2006) ,as indexed by specific cortical responses to cognitive tasks in 
Photon Emission Tomography (Perrin etal., 2004) and functional Magnetic 
Resonance Imaging (fMRI) techniques (Vandewalle et al.,2007a). Recent 
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fMRI studies have demonstrated that daytime exposure to blue light is more 
effective in enhancing responses to a memory task in several cortical, 
thalamic and brainstem areas (Vandewalle et al.,2007b). Recent 
neuroimaging studies which demonstrate that alertness responses to light 
are initially observed in alertness-related subcortical structures 
(hypothalamus, brainstem, thalamus) and limbic areas (amygdala and 
hippocampus), followed by modulations of activity in cortical areas, which 
can ultimately affect behavior (Vandewalle et al., 2009). If the limbic system, 
and more precisely the amygdala, is involved in light-induced alertness, it 
means that alertness can result from an emotional stimulus caused or 
modulated by the light. Hence, the alerting response depends strongly on 
what kind of emotions the light induces. In skin conductance measurements, 
unpleasant stimuli have been shown to increase electrodermal activity more 
than pleasant stimuli (Lane et al.,1997).The psychology of color has been 
widely studied and it is well known that color elicits positive or negative 
feelings and emotions(Mahnke,1996; Hemphill,1996). A blue color was found 
to elicit both negative and positive feelings (Kaya et al., 2004); positive, 
because blue was associated with the ocean and relaxing, calming effects, 
and negative, because blue was also associated with night and depression. 
This means that colors can provoke either type of feeling and that the 
alerting response depends on the emotions that it provokes (Rautkyla et al., 
2011). 
Apart from lighting factors affecting the human body, attention has been 
paid to the study of individual differences in adaptation to the environment 
with physiological anthropology. Hazama et al. (2005) have furnished 
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evidence of substantial variations in pupil response to lightings with 
different spectral compositions, which might also have a relation to 
individual difference in melatonin suppression. Higuchi et al. (2005) have 
further indicated two of 17 subjects showing no melatonin suppressions even 
after exposure to bright light at night. These studies are just some of the 
examples that typically manifest individual characteristics, however, which 
becoming important issues in the field of physiological anthropology because 
polymorphism in physiological traits is an important keyword to evaluating 
human adaptability in relation with functional potentiality and whole-body 
coordination (Yasukouchi, 2005). 
When considering the health and light, light planning that considered the 
individual differences in response to light is important. In this study, it was 
to pay attention to individual differences for the physiological response by 
monochromatic light exposure especially, focusing the personality traits, to 
examine the non-visual effect of light exposure during the daytime. 
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1-3-3 Measures of alertness 
 
Alertness, and its effects, has been measured by both subjective and 
objective approaches. In healthy people, alertness can be reliably measured 
by simply asking them or by subjective rating scales. Subjective measure 
include the widely used Stanford Sleepiness Scale (SSS, Hodders et al.1973), 
Visual Analogue Scale (VAS, Folstein et al.1973), or Karolinska Sleepiness 
Scale (KSS , Akerstedt et al., 1990), which allow for a good comparison 
between experiments.  
Objective approaches to the study of alertness and its physiological 
effects have included: spectral analyses of the EEG, such as the alpha 
attenuation test (AAT). Power spectral analyses of electroencephalograph 
(EEG) activity were calculated using fast Fourier transformations (FFT) 
within the alpha frequency range (8-12 Hz) to obtain ratios of mean 
eyes-closed to mean eyes-open alpha power (i.e. the alpha attenuation 
coefficient, AAC) (Stampi et al.1995). And electrooculographic (EOG) slow 
rolling eye movements and eye blink rate (Cajochen et al. 1999; Philipp et al. 
2003).  
Among the novel tools for experimental analysis of cognitive function, 
averaged time-locked event-related potentials (ERPs) have been widely 
studied. Event-related brain potentials (ERPs) are a non-invasive method of 
measuring brain activity during cognitive processing. The transient electric 
potential shifts (so-called ERP components) are time-locked to the stimulus 
onset (Luck, 2005) ERPs can be used to distinguish and identify 
psychological and neural sub-processes involved in complex cognitive, motor, 
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or perceptual tasks. Moreover, they provide extremely high time resolution, 
in the range of one millisecond (Oken, 1996; Cajochen, 2007). In the present 
study, we would notice the Contingent negative variation (CNV) as one of the 
useful measures of ERP.  
In addition, with functional magnetic resonance (fMRI) and positron 
emission tomography (PET) techniques one can virtually ‘‘spotlight’’ the 
brain and characterize the neural correlates of the alerting effects of light.  
Contingent negative variation (CNV) as one of the useful measures of ERP 
was first detected by Walter et al. (1964). CNV develops during the time 
interval between a first warning stimulus and second imperative stimulus. 
CNV has been associated with psycho-physiological events including 
expectancy (Walter et al., 1964), motivation (Irwin et al., 1966), attention 
and arousal (Tecce, 1972).  
A number of studies have demonstrated that CNV consists of at least two 
components (Figure.2), an early CNV reflecting an orienting response and a 
late CNV reflecting motor preparation (Birbaumer et al., 1990; Rohrbaugh et 
al., 1976). Neurophysiologically, the CNV is characterized by depolarization 
of the apical dendrites of cortical pyramidal cells, possibly initiated by a local 
thalamic input and so leading to cortical neuronal excitation over extended a 
cortical area that is projected from the thalamus (Birbaumer et al., 1990; 
Nagai et al.2004). There have been many studies wherein external 
environment was evaluated by means of CNV as an indicator for arousal 
level. For example, Deguchi et al., (1992 ) reported the effect of illumination 
environment on CNV. However, there is an interted-U relationship between 
arousal level and CNV amplitude ( Tecce,1972). This assumption states that 
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CNV amplitude does not increase monotonously as arousal level is elevated 
and that excessively arousal level decrease CNV amplitude. Kamijo et al. 
(2004) supported the view that CNV amplitude and arousal level followed an 
inverted-U relationship. It is concluded that differences in exercise intensity 
influenced arousal level. Higuchi et al. (1997) clarified the inverted-U 
relationship between the arousal level and CNV by extraneous environment 
(light intensity) under the white light (color temperature: 5000K). 
Accordingly, the inverted-U relationship by monochromatic light 
exposure between arousal level and CNV should not be neglected.  
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1-4 Cardiovascular response to stress 
 
Recently, with the spread of the lighting of LEDs, as one of the 
environmental stress in modern society, interest in artificial lighting effects 
to humans has attracted.  
In this study, it was to pay attention to individual differences for the stress 
response by monochromatic light exposure especially, focusing the 
personality traits, which reflects the internal environment of an individual 
and has an independent effect on the central and autonomic nervous system. 
It is important in stress management of healthy subjects in the labor work 
environment. 
 
1-4-1 Mechanism of acute stress responses  
 
There are two types of instinctive stress response that are important to 
how we understand stress and stress management: the short-term 
“Fight-or-Flight” response and the long-term “General Adaptation 
Syndrome”. The first is a basic survival instinct, while the second is a 
long-term effect of exposure to stress. 
The Fight-or-Flight response (also called the acute stress response) was 
first described by Walter Cannon in the 1920s (Cannon,1929). His theory 
states that animals react to threats with a general discharge of the 
sympathetic nervous system, priming the animal for fighting or fleeing. And 
the physiological responses to threatening environmental influences were 
studied first by Walter Cannon who observed that many physical and 
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psychological stimuli caused the release of a hum oral agent from the 
adrenal glands into the blood, which caused a rise in blood pressure (Cannon, 
1929). Cannon’s research on this subject eventually resulted in a description 
of the fight-or-flight response to threatening environmental influences. This 
concept remains important to our understanding of the physiological 
response to stress (Alan, 1991).  
Selye (1936) took a different approach from Cannon. Starting with the 
observation that different diseases and injuries to the body seemed to cause 
the same symptoms in patients, he identified a general response (the 
“General Adaptation Syndrome”) with which the body reacts to a major 
stimulus. Selye identified that when pushed to extremes, animals reacted in 
three stages: 
 
1. First, in the Alarm Phase, they reacted to the stressor. 
2. Next, in the Resistance Phase, the resistance to the stressor increased as 
the animal adapted to, and coped with, it. This phase lasted for as long 
as the animal could support this heightened resistance. 
3.Finally, once resistance was exhausted, the animal entered the 
Exhaustion Phase, and resistance declined substantially. 
 
The key to this is that Hans Selye’s ‘Alarm Phase’ is the same thing as 
Walter Cannon’s Fight-or-Flight response. We can therefore see that mental 
stress triggers the fight-or-flight response, and that if this stress is sustained 
for a long time, the end result might be exhaustion and burnout. 
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Stress is a biological and psychological response experienced on 
encountering a threat that we feel we do not have the resources to deal with. 
A stressor is the stimulus that causes stress。Firstly, our body judges a 
situation and decides whether or not it is stressful. If the situation is judged 
as being stressful, the hypothalamus is activated. The hypothalamus in the 
brain is in charge of the stress response (Bard, 1928). When a stress response 
is triggered, it sends signals to two other structures: the pituitary gland, and 
the adrenal medulla. These short term responses are produced by The 
Fight-or-Flight Response via the Sympathomedullary Pathway (SAM). Long 
term stress is regulated by the Hypothalamic-Pituitary-Adrenal (HPA) 
system. The adrenal cortex releases stress hormones called cortisol. This 
have a number of functions including releasing stored glucose from the liver 
(for energy) and controlling swelling after injury. The immune system is 
suppressed while this happens. The ANS is the part of the peripheral 
nervous system that acts as a control system, maintaining homeostasis in 
the body. These activities are generally performed without conscious control. 
The adrenal medulla secretes the hormone adrenaline. This hormone gets 
the body ready for a fight or flight response. Physiological reaction includes 
increased heart rate. Adrenaline leads to the arousal of the sympathetic 
nervous system and reduced activity in the parasympathetic nervous system. 
Adrenaline creates changes in the body such as decreases (in digestion) and 
increases (sweating, increased pulse and blood pressure) (Currie et al., 
1955). 
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1-4-2 About cardiovascular system  
 
The blood, heart, and blood vessels form the cardiovascular system 
(Kara, 2011). The cardiovascular system is an organ system that moves 
nutrients, gases, and wastes to and from cells, helps fight diseases and helps 
stabilize body temperature and pH to maintain homeostasis (Bobrow et al. 
2012). The cardiovascular system is under control of the autonomic nervous 
system (ANS). Autonomic tone is controlled by the cardiovascular centre in 
the medulla of the brain. Heart rate and contractility are dependent on the 
balance between sympathetic and parasympathetic output. Input comes 
from a number of sources: changes in blood pressure are detected in the 
aortic arch, carotid bodies and ventricles, and volume changes are detected 
in the atria. Additional information comes from other centres in the brain. 
The principal aim of the autonomic control of the cardiovascular system is to 
maintain blood supply to vital organs, particularly the brain. This requires 
adequate blood pressure, which can be maintained in the short term by 
altering systemic resistance and cardiac output. In the longer term, blood 
pressure is controlled by adjusting blood volume via a complex homeo 
mechanism involving the hypothalamus, pituitary gland, adrenal gland and 
kidney. 
The cardiovascular system and the nervous system work together by 
helping each other in different ways. The circulatory system supplies 
nutrients to the nervous system. The central nervous system also provides 
vascular supply to the heart. The part of the brain that is responsible for 
controlling the cardiovascular functions is the brainstem. The brainstem is 
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responsible for controlling basic life functions such as respiration, cardiac 
activities, blood pressure (Stanley et al., 2006). The connection between the 
nervous system and the cardiovascular system gives the main reason why 
abnormalities in brain activities can increase the risk for heart disease. In 
likewise manner, heart ailments can also affect the brain functions that can 
result to neurological conditions such as coma, stroke, and aneurysm.  
 
 Main cardiovascular indexes 
 
   Many measurement methods are developed to evaluate the physiological 
responses to stress, for example, the cardiovascular index such as blood 
pressure, heart rate, the central nervous system index such as the cerebral 
blood flow and electroencephalogram, and internal secretion index such as 
the cortisol are always measure. In the present study, we would notice the 
blood pressure (BP) reactivity to stress. 
Among the cardiovascular measures that have been utilized in reactivity 
studies are heart rate, blood pressure (systolic, diastolic, mean arterial), 
stroke volume (average amount of blood pumped from the left ventricle on a 
given contraction of the heart), cardiac output (volume of blood pumped per 
minute), total peripheral resistance (resistance to blood flow by the systemic 
vasculature - a derived measure computed when cardiac output and mean 
arterial pressure are known).  
 
Blood pressure (BP) 
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Blood pressure (BP) is the pressure exerted by circulating blood upon 
the walls of blood vessels, and is one of the principal vital signs. When used 
without further specification, "blood pressure" usually refers to the arterial 
pressure of the systemic circulation. During each heartbeat, BP varies 
between a maximum (systolic) (SBP) and a minimum (diastolic) pressure 
(DBP).The mean BP (MAP), due to pumping by the heart and resistance to 
flow in blood vessels, decreases as the circulating blood moves away from the 
heart through arteries. Blood pressure drops most rapidly along the small 
arteries and arterioles, and continues to decrease as the blood moves through 
the capillaries and back to the heart through veins (Caro, 1978). Gravity, 
valves in veins, and pumping from contraction of skeletal muscles are some 
other influences on BP at various places in the body (Klabunde, 2005). 
 
Total Peripheral Resistance (TPR) 
  
 Total peripheral resistance refers to the cumulative resistance of the 
thousands of arterioles in the body, or the lungs, respectively. It is 
approximately equal to the resistance of the arterioles, since the arterioles 
are the chief resistance vessels in the body. 
  Peripheral resistance occurs when arterioles are unable to completely 
relieve pressure in arteries. When the heart contracts, blood enters the 
arteries faster than it can leave, and the arteries stretch from the pressure. 
Although the vessels return to their normal state during diastole, the heart 
will contract again before all the blood has completely flowed into the 
arterioles. This inhibits the arterioles` ability to fully relieve the pressure in 
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the arteries, causing peripheral resistance. 
 
Cardiac Output（CO） 
 
Cardiac output refers to the volume of blood pumped by the heart each 
minute. Put another way, the cardiac output is a measure of blood flow into 
the arterial system. Blood flow is directly proportional to pressure (Flow = 
pressure/resistance), therefore an increase in flow (cardiac output) will cause 
an increase in pressure (MAP). 
 
Heart Rate（HR） 
 
Heart rate is simply the number of heart beats per minute. The stroke 
volume is the volume of blood, in milliliters (mL), pumped out of the heart 
with each beat. Increasing either heart rate or stroke volume increases 
cardiac output.  
Cardiac Output in mL/min = heart rate (beats/min) X stroke volume 
(mL/beat)  
 
Stroke Volume (SV) 
    
In cardiovascular physiology, stroke volume (SV) is the volume of blood 
pumped from one ventricle of the heart with each beat. The term stroke 
volume can apply to each of the two ventricles of the heart, although it 
usually refers to the left ventricle. Stroke volume is an important 
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determinant of cardiac output, which is the product of stroke volume and 
heart rate, and is also used to calculate ejection fraction, which is stroke 
volume divided by end-diastolic volume. Because stroke volume decreases in 
certain conditions and disease states, stroke volume itself correlates with 
cardiac function. 
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1-4-3 Researches on cardiovascular responses to stress  
 
The responses of autonomic nervous system, central system, endocrine 
and immune system on stress were investigated in laboratory. Psychosocial 
stress leads to a release of cortisol. While this psychoneuroendocrine 
response helps to maintain physiological as well as psychological equilibrium 
under stress (Hammerfald et al., 2006). Morgan et al. (2004) reported that 
the DHEA-S level (an endogenous stress hormone) is increased by acute 
stress in healthy humans, and that the DHEA-S–cortisol ratio may index the 
degree to which an individual is buffered against the negative effects of 
stress. Earle et al. (1982) reported that alpha power of EEG (a index of relax) 
decreased during mental. Mental stress also elicits cardiovascular responses, 
such as increase in blood pressure and heart rate (Liu X et al., 2007; Ring et 
al.,2002) .The previous researches are mainly carried out, and excessive 
responses to mental stress may lead to increased risk of various diseases in 
the future, such as hypertension, and cardiovascular disease (Manuck et 
al.,1990).  
The term "cardiovascular reactivity" is used by researchers in the field of 
cardiovascular behavioral medicine or psychophysiology generally. That is, 
cardiovascular reactivity is usually understood to reflect the physiologic 
changes from a resting or baseline state to some type of psychological or 
physical challenge or stressor (Manuck et al., 1989). Importantly, it is widely 
thought that individuals showing exaggerated cardiovascular responses to 
these stressful conditions may be more at risk for the development of 
cardiovascular syndromes such as hypertension or coronary heart disease 
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than those exhibiting relatively smaller responses (Manuck et al. 1989). In 
addition, cardiovascular regulation by the autonomic nervous system may 
link negative personality characteristics, e.g., hostility, with increased risk of 
coronary artery disease, an association generally supported by available data 
(Sloan et al.1994). 
Many reactivity studies are interested in how the autonomic nervous 
system responds to environmental challenges, and the resultant effects on 
the cardiovascular system. The use of impedance cardiograph, a noninvasive 
technique of measuring stroke volume, cardiac output, total peripheral 
resistance, myocardial contractility, and heart rate, has permitted 
researchers to more dearly define cardiovascular response to stressors. For 
example, previous studies demonstrated that increases in cardiac output in 
response to a reaction time task were associated with increases in heart rate, 
while stroke volume decreased during cold pressor stress (Sherwood, et al. 
1986; Wilson et al.1991).  
Thus, studies of cardiovascular reactivity to stress not only allow for 
examination of cardiovascular dynamics, but also give a window for 
assessing autonomic nervous system adjustments to these environmental 
demands. 
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1-5 Personality characteristics     
  
1-5-1 What is the Personality characteristics  
 
In the field of physiological anthropology, it should be investigated changes 
in physiological response in terms of polymorphism. Individual difference to 
the physiological response is focused on the important issues. For example, 
even if the amount of light that reaches the retina was the same, the 
non-visual response (such as melatonin suppression) that caused high 
reactivity whereas has been found in some people, significant changes that 
were not observed in the others have been reported. 
Similarly, from the viewpoint of individual differences to physiological 
response, we intended to focus on the personal characteristic, to clarify the 
correlation between the physiological parameter. It is considered to be an 
important issue that in order to consider the planning and lighting design in 
the future. 
  The dorsomedial hypothalamus play an important role which in the 
integration of acute mental stress on the cardiovascular responses (DiMicco 
et al., 1996). The limbic system and the cerebral cortex are involved in 
personality. And some personality characteristics are associated with 
increased cardiovascular reactivity (Gross et al., 1997; Fredrikson et al., 
1992). Result of examination the relationship between various physiological 
indices stress and stress-related personality. 
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The word "personality" originates from the Latin persona, which means 
mask. "Personality" can be defined as a dynamic and organized set of 
characteristics possessed by a person that uniquely influences his or her 
cognitions, emotions, motivations, and behaviors in various situations 
(Engler, 2009). Personality characteristics have long been considered 
important determinants of physical health in human (Houston, 1992; 
Friedman et al.1993). For example, personality characteristics such as 
anxiety and anger have long been associated with essential hypertension 
(Arnljot et al.2007).  Another personality characteristic that has received 
increasing attention is anger/hostility. In fact, it is generally believed that 
this is the cardinal component of the type A pattern that puts individuals at 
risk (Siegel, 1984). Although not entirely consistent, self-reported 
manifestations of anger expression and hostility have been associated with 
increased blood pressure at rest and in response to behavioral stressors 
(Treiber et al.1989).  
   When it comes to stress-related personality traits typically in the 
laboratory studies, one is the anxiety, and the other is a Type A behavior 
pattern. 
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1-5-2 Anxiety 
 
It is known that anxiety as a personality trait and an emotional and 
behavioral state (Wilt et al.2011). Anxiety research has typically divided 
anxiety into two categories based on whether researchers are interested in 
long-lasting or transient anxiety: trait anxiety and state anxiety (Spielberger, 
1972, 1980, 1983). State anxiety is defined as an unpleasant emotional 
arousal in face of threatening demands or dangers. Trait anxiety, on the 
other hand, reflects the existence of stable individual differences in the 
tendency to respond with state anxiety in the anticipation of threatening 
situations. Although trait anxiety may influence the level or probability of 
state anxiety, it is likely that trait and state forms of anxiety are not 
completely isomorphic; that is, trait and state anxiety may arise from 
different causes and have different consequences (Wilt et al.2011). Recent 
research suggests that a broad cognitive system of prefrontal attentional 
control may be compromised among individuals high in trait anxiety (Bishop, 
2009). State anxiety is also related to attentional control, as increased 
activity in the amygdala during state anxiety may relate to the difficulty to 
disengage attention from threatening stimuli (Sommerville et al., 2004). 
Trait anxiety has been found related to health. For example, individuals 
whose self-rating of health is favorable, score lower in anxiety (Forsberg et 
al.1993). However, the association between these two variables is much more 
complex. Anxiety can be the cause of illness, or anxiety can be an effect of 
illness. 
Among many instruments to assess anxiety, one stands out: the 
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State-Trait Anxiety Inventory (STAI, Spielberger, 1983). This does not mean 
that it is an ideal measure but it is the most frequently used scale in 
research world-wide, and no other measure has received as many foreign 
language adaptations and citations in the last three decades. Thus, it is the 
standard in the field. The self-report inventory consists of 20 items to assess 
state anxiety, and another 20 items to assess trait anxiety. There are three 
forms of the STAI. In present study, we used the current variation of the 
STAI Form X. The instrument is divided into two sections（state anxiety and 
trait anxiety）, each having twenty questions. Individuals respond to each 
item on a four-point scale. The range of scores is 20-80 by summing the item 
scores，and  the higher the score indicating greater anxiety (Spielberger, 
1970).  
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1-5-3 Type A Behavior Pattern 
 
Type A personality behavior was first described as a potential risk factor 
for heart disease in the 1950s by cardiologists Meyer Friedman and Mike 
Jordan. After a ten-year study of healthy men, Friedman and Rosenman 
estimated that Type A behavior doubles the risk of coronary heart disease in 
otherwise healthy individuals (Friedman et al.1959). This research had a 
significant effect on the development of the health psychology field, in which 
psychologists look at how an individual's mental state affects his or her 
physical health (Eysenck, 1990). Friedman suggests that Type A behavior is 
expressed in three major symptoms: free-floating hostility, which can be 
triggered by even minor incidents; time urgency and impatience, which 
causes irritation and exasperation; and a competitive drive, which causes 
stress and an achievement-driven mentality (Friedman et al.1996). Type A 
behavior pattern is thought to be a complex of personality and adaptation 
ways to psychosocial circumstances.  
Type A behavior pattern has been well known and recognized as a risk 
factor for CHD, a new perspective involving both environmental stress and 
personality began to surface as the twentieth century's rapid rise in heart 
disease among western cultures became apparent. They turned their 
attention to the environmental stress present in western culture, and to the 
behavior of subjects who appeared to react more than others to this stress 
(Stewart, 2002). Studies have observed that type A behavior is elicited in 
challenging or stressful situations. Glass (1977) has proposed the behavior 
pattern to be the outcome of a person-situation interaction in which a 
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stressor or the challenge of task performance produces competitiveness, 
impatience, and hostility in predisposed individuals. Type A behavior pattern 
who displayed high levels of competitiveness, time urgency, and hostility had 
greater systolic blood pressure and heart rate responses than subjects 
displaying a type B behavior pattern. The results of these experiments 
indicated that behavior patterns, perception of controllability, and effortful 
coping all influenced the magnitude of cardiovascular responses to 
psychological stressors (Blumenthal et al.1983). However, little information 
is available on its direct influence on human brain functioning.  
The two major approaches to the-assessment of Type A behavior are the 
structured interview (Rosenman,1978) and self-administered questionnaires. 
The structured interview is designed to present the subject with questions 
about three major factors considered central to Type A behavior: drive and 
ambition, competitive and aggressive behaviors, and time urgency. For 
example, subjects are asked how they react to waiting in lines, driving in 
slow traffic, and facing deadlines at work and problems at home. In an 
attempt to assess Type A behavior more objectively and efficiently than the 
structured interview, self-report questionnaires have been developed. 
Further refinement of the scale yielded a composite Type A scale  and three 
factor-analytically derived subscales:Speed and  Impatience, Job 
Involvement, and Hard-Driving(Chesney et al.,1981).  
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1-6 The concrete approach and purposes of the study 
    
There has been considerable recent development of light sources consisting 
of monochromatic light-emitting diodes (LEDs) that make use of the high 
energy of short-wavelength regions. It has been suggested that artificial 
lighting may increase stress, and interest in the effects of this modern 
environmental stressor on humans has increased. Apart from lighting 
factors affecting the human body, studies in physiological anthropology have 
examined individual differences in adaptation to the environment (Hazama 
et al., 2005; Higuchi et al., 2005). Physiological polymorphism is widely 
recognized to be due to genetic, environmental, and lifestyle factors (Burgess 
et al., 2008). However, the contributions of stress-related personality traits 
remain unclear. Polymorphism with respect to physiological traits is 
becoming an important issue in the field of physiological anthropology 
because it is an important key to evaluating human adaptability in 
functional potentiality and whole-body coordination (Yasukouchi, 2005). In 
order to clarify the effects of illumination in human environments, more 
attention should be paid to the physiological relationships among various 
reactions that are affected by light and personality traits. Using central 
nervous system (CNS) and cardiovascular indexes, we aimed to reveal the 
visual and non-visual effects of monochromatic light. 
When considering health and light, light planning that takes into 
consideration individual differences in response to light is important. The 
purpose of the present study was to examine individual differences in 
physiological response to monochromatic light exposure, focusing especially 
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on personality traits, in order to examine the non-visual effects of light 
exposure during the daytime. The personality of an individual reflects the 
internal environment of that person and has an independent effect on the 
CNS and autonomic nervous system (ANS). With respect to the factors 
associated with alerting effects, personal characteristics have only recently 
begun to be taken into account in attempting to understand human 
physiological responses. While it is well understood how the use of light at 
night promotes alertness through its ability to suppress melatonin, which is 
maximally sensitive to short-wavelength light (Gooley et al., 2001; Hattar et 
al., 2002; Qiu et al., 2005), it is also important to develop an understanding 
of how light impacts alertness during the daytime. It has been hypothesized 
that, while the intrinsically photosensitive retinal ganglion cells (ipRGCs) 
may participate in the light-induced alerting effects of light during the 
daytime, they are not the only photoreceptors directly mediating these 
alerting effects because they are maximally sensitive to short wavelengths 
and very insensitive to long-wavelength light, such as the 624-nm light used 
in the present study. In addition, color effects tend to occur in one of two 
directions, toward red or toward blue, with the yellow and yellow-green 
regions of the spectrum more or less neutral. Furthermore, these two major 
colors (blue and red) induce different levels of activation both in the ANS and 
in the brain (Birren, 1969). Therefore, the present study examined the effects 
of red light (624 nm) and blue light (474 nm) using an apparatus that 
provides uniform monochromatic light exposure that encompasses the 
subject’s entire visual field. 
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The purposes of the present study were the following:  
● to investigate whether short-term exposure to short-wavelength blue 
light or long-wavelength red light affects objective measures of alertness on 
event-related potential (ERP) during the daytime; 
●to investigate the possible influence of the personality traits of the 
subject that reflect the internal environment of the individual and have some 
independent effect on physical responses; 
● to investigate how short-term daytime exposure to short-wavelength 
blue light or long-wavelength red light of three different irradiances (low, 
medium and high) affects objective and subjects measures of alertness on the 
CNS; and 
● to compare the effect of three different intensities (low, medium and 
high) of short-wavelength blue light and long-wavelength red light on 
cardiovascular responses and to evaluate the possible relationship between 
monochromatic light and anxiety in our subjects. 
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Chapter 2 
 
An Impact on the Alerting Response of the 
Monochromatic Light Exposure by Individual 
Characteristics 
 
 
 
2-1 Introduction  
 
While the use of light at night to promote alertness is well understood, for 
example, light modulates brain function through its impact on the timing of 
circadian rhythms (Brainard et al., 2001) but also through direct effects on 
physiology and behavior, including modulation of alertness and task 
performance (Cajochen et al., 2000, 2005; Lee et al., 2008). Light not only 
guides performance on tasks through vision but also exerts non-visual effects 
that are mediated in part by recently discovered retinal ganglion cells 
maximally sensitive to blue light (Vandewalle et al., 2009). It is important to 
develop an understanding of how light impacts alertness during the daytime. 
 It was hypothesized that, while the intrinsically photosensitive retinal 
ganglion cells (ipRGCs) may participate in the light-induced alerting effects 
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of light during the daytime, they are not the only photoreceptors directly 
mediating these alerting effects because the ipRGCs are maximally sensitive 
to short wavelengths and very insensitive to long-wavelength light. In 
addition, color effects tend to be in two directions-toward red and toward 
blue- with the yellow or yellow-green region of the spectrum more or less 
neutral. Further, these two major colors will induce different levels of 
activation both in the autonomic nervous system and in the brain (Birren, 
1969). Therefore, it is to be examined using the red light and blue light. 
Recently, with the spread of the lighting of LED, as one of the 
environmental stress in modern society, interest in artificial lighting effects 
to humans has attracted. Since Friedman and Rosenman`s studies, type A 
behavior pattern, a group of personality characteristics including time 
urgency and competitiveness, is linked to an increased risk of coronary 
disease (Friedman et al.1959), most of the research on the differences 
between the stress responses and Type A, which examining the magnitude of 
cardiovascular reactivity to the stress. However, little information is 
available on its direct influence on human brain functioning.  
In the present study, brain activity was measured by the event-related 
slow potential, contingent negative variation (CNV). As an indicator that 
reflects the relatively high-ordered neurophysiological brain function, which 
is an event-related potential (ERP). Contingent negative variation (CNV) as 
one of the useful measures of ERPs was first detected by Walter et al. (1964), 
and since then this has become associated with paychophysiological factors 
including expectancy (Walter et al.,1964),motivation(Irwin et al.,1996), and 
attention and arousal (Tecce,1972;1976) . In particular, the early component 
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CNV has been used as well as an index of arousal level (Higuchi, 1997; 
Iwakiri et al., 1999). The above mentioned studies drove us to examine Type 
A behavior pattern influences on altering effects to monochromatic light 
stimuli. 
The aim of the current study was to investigate whether exposure to 
short-time of short-wavelength blue light and long-wavelength red light 
affects objective measures of alertness on EPR during daytime, and to 
evaluate the possible correlation between the monochromatic light exposure 
and the individual characteristics (Type A behavior pattern) . 
 
 
2-2 Methods  
 
2-2-1 Subjects 
 
Participants were healthy, young eight male’s subjects. Absence of color 
blindness was assessed by Farnsworth-Munsell 100 hue test for 
Color-Blindness. The subjects were requested to refrain from exercising and 
drinking alcohol during the night before the first experiment and were 
prohibited from drinking caffeinated beverages or smoking cigarettes during 
the all experiment periods. All subjects gave fully informed consent to 
participate in the study. They followed a regular sleep schedule during the 
7-day period preceding the laboratory segment of the experiment. 
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2-2-2 Lighting conditions 
 
The experiments were conducted in an electrical shielded room (The 
temperature: 25 ℃; relative humidity: 50± 5％,). Before being exposed to 
each monochromatic lighting condition, the subjects were subjected to a 
control session under an identical environment (13 lx, color temperature was 
5,000K) in the laboratory. 
Table 1 shows the parameters of the light source LED. Spectral 
distribution of light source LED is measured (HSB-8100, Maki 
Manufacturing Co., Ltd.), and to uniform the irradiance at the position of the 
eye of subject at 13 µW/㎠. Long-wavelength “red” and short-wavelength 
“blue” of light emitting diodes (LEDs) were placed in 60 cm diameter light 
sphere. The LEDs were hidden from the direct view of the participants. The 
subject’s head is slightly withdrawn from the opening of the sphere. This 
apparatus provides a uniform monochromatic light exposure that 
encompasses the subject’s entire visual field (Figure 1).  
 
Table 1.  LED parameters 
 
 
 
 color peak (nm) FWHM (nm） irradiances (µW/㎠) 
short-wavelength light blue 475 24 13.1 
long-wavelength light red 624 15 13.4 
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Figure 1．Light exposure apparatus with entire visual field 
 
 
2-2-3 Procedure 
 
The experiment was conducted protocol as in Figure 2. The subjects 
entered the laboratory, attached to the electrode, under the control condition. 
CNV was measured (600 s approximately) after enough rest. After then, the 
subjects were to rest for 10 minutes in the dark condition, the subjects are 
exposed to conditions of each monochromatic light, and the CNV was 
measured as well. 
The experiments with the two light conditions for each subject were 
conducted at the same daytime but on different days.  
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Figure 2． Procedure 
 
 
2-2-4 Measurement 
 
CNV: Each single trial consisted of a warning stimulus (S1) followed 2 sec 
later by an imperative stimulus (S2). Simple tone was used for both S1 (1000 
Hz,70 ms）and S2 (2000 Hz,70 ms）. Inter trial interval (ITI) was set at 10±3 
sec. One session constituted of 50 trials and took about 10 min (Figure 3). 
The subject was instructed to press a button as soon as possible when the S2 
was presented, and to stare at the fixation point. Simple tone which was 
created using the Sound Edit TM16 version 2.0 J (Macromedia Inc.) was 
presented to subjects from the earphone with 70 dBA sound pressure level. 
The electroencephalogram (EEG) electrodes were attached on Fz, Cz, and 
Pz recording sites on the basis of the International 10/20 system and 
referenced to linked earlobes (A1 and A2). A bioelectric amplifier (Neurotop 
MME-3124、NIHON KOHDEN) was used. The time constant for CNV was 
set at 6 sec (Low-cut: 0.032 Hz), high-frequency cut-off at 30Hz. And the 
low-frequency cut-off for spontaneous EEG was set at 0.53Hz. Sampling rate 
was 1000 Hz and impedance was maintained <5 kΩ. Additionally, to monitor 
CNV rest Darkness rest CNV 
10 min 5 min 2min 10 min 
Light exposure 
 
Baseline condition 
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the presence/absence of artifacts into the EEG, the vertical electrooculogram 
(EOG) for the left eye was recorded. The low-frequency cut-off was set at 
0.032Hz, high-frequency cut-off at 100Hz. 
 
 
 
 
Figure 3.  CNV task 
 
 
 
 
2-2-5 Date Analysis 
 
Early component of CNV 
 
The averaging of CNV was conducted using the mean potential during 500 
msec before S1 as the baseline level. The following trials were omitted from 
the averaging (Higuchi,1997): (1) EOG activity exceeding 150 μV, indicating 
eye blink or eye movement , (2) Any sampling value during the S1-S2 
interval exceeding ± 75μV with respect to the baseline, (3) Number of 
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negative points less than 10％ of the total sampling points during the 
interval spanning from 500 msec after S1 to the S2 onset, (4) Mean sampling 
value after 1,000 msec S2 exceeding - 50μV with respect to the baseline, (5) 
Trial there is no reaction. And the reaction time was below 120 msec or 
beyond 300 msec.  
As indicators of arousal level, the early component of CNV was calculated 
using the mean potential during the epoch from 600 ms to 1000 ms after S1 
(Figure 4).  
 
 
 
 
 
 
 
Figure 4 . The total average CNV at Fz, Cz, Pz site  
 
 
 
 
Type A behavior pattern 
 
Table 2 shows the score of Type A behavior pattern of the subjects (Type A 
behavior pattern Form of Tokai University, Japan). 
 
Early component of CNV 
 
Time (ms) 
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Table 2  Scores of Type A behavior pattern of the subjects  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2-2-6 Statistical Analysis  
 
For the amplitude of early CNV, a two-way (monochromatic light exposure 
(blue and red) × time (before and after)) repeated measure ANOVAs was 
performed. And Pearson correlation analyses were calculated, using the 
statistical program SPSS. The Bonferroni was used to examine the difference. 
The level of significance was set at p< 0.05. 
 
 
 
Subjects Score  
A 24.0 
B 43.5 
C 44.0 
D 41.3 
E 42.8 
F 29.5 
G 60.0 
H 44.3 
If the total score 
exceeded the 43 point, 
it is determined that 
the typically Type A 
behavior pattern. 
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2-3 Result 
  
2-3-1 Before and after monochromatic light exposures 
    
At Fz site, both the short-wavelength blue light and long-wavelength red 
light, the amplitudes of early CNV for the monochromatic light exposure was 
significantly higher than before the monochromatic light exposure (Figure 5), 
and the main effect of monochromatic light exposure factor and the 
interaction were not significant. 
 
 
 
 
 
 
 
 
 
Figure 5. Before and after monochromatic light exposures on the amplitudes 
of early CNV, Means ± SEs；* (compared to the baseline) p<0.05 
 
 
At Cz site, the main effect and the interaction were not significant. 
 
 
Blue light                    Red light 
 
* 
 
* 
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At Pz site, the amplitudes of early CNV revealed that the amplitudes of 
early CNV after the short-wavelength blue light exposure was significantly 
higher than after the long-wavelength red light exposure (Figure 6), and the 
main effect of time factor and the interaction were not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The amplitudes of early CNV after the long-wavelength light (red) 
and the short-wavelength light (blue) exposure at Pz 
Means ± SEs；＊p<0.05； * (compared to the baseline) p<0.05 
 
 
 
 
 
 
Blue light                  Red light 
 
* 
* 
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2-3-2 Correlations  
 
Figure 7 demonstrates a significant correlation was found between the 
Type A score of subjects and △ amplitudes of early CNV under the 
short-wavelength (blue) monochromatic light conditions. No significant 
correlation was found under the red monochromatic light conditions. 
 
 
 
Figure 7．The scatter diagrams of △ amplitudes of early CNV and Type A 
scores for the blue light exposure (n=8).  
 
 
 
 
 
Type A scores 
Blue light 
Red light Red light 
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2-4 Discussion  
 
2-4-1 Alerting effects of blue light and red light  
 
In the present study, both the short-wavelength blue light and 
long-wavelength red light, the amplitude of early CNV was increased 
significantly after light exposure than before light exposure (Figure 6 and 7). 
Furthermore, at the parietal region, brain activity is more enhanced by 
exposure to red light than exposure to blue light. Among the brain to process 
information, the visual information with a large amount of information, the 
process consumes a lot of energy that, since the visual cortex located in 
Occipital region has to do it. The increased occipital activity (the early CNV 
amplitude increased) seen in red light condition, is considered to be caused 
by the amount of visual information has increased. In addition, there is the 
association cortex related to cognition and perception, and judgment, to the 
parietal region is in contact with the occipital region. The effect was observed 
in the amplitude of the early CNV at the parietal region as well as the front 
region. From the present results demonstrate that both the 
short-wavelength blue light and long-wavelength red light can be used to 
increase alertness during daytime.  
In summary, light has an acute effect on neuroendocrine responses, 
performance, and alertness. Figueiro et al. (2009) suggest that acute 
melatonin suppression is not needed to elicit an alerting effect in humans. 
While the intrinsically photosensitive retinal ganglion cells (ipRGCs) may 
participate in the light-induced alerting effects of light during the daytime, 
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they are not the only photoreceptors directly mediating these alerting effects 
because the ipRGCs are maximally sensitive to short-wavelengths and very 
insensitive to long-wavelength light, such as the 624nm light used in the 
present study. 
 
2-4-2  An impact of Type A behavior pattern on alerting response 
   
A significant correlation was found between the Type A score and the 
amplitudes of early CNV under the short-wavelength light conditions 
(Figure 8)．Watanuki (2007) reported that using frequency analysis of EEG 
examined the relationship between the brain activity and type A, which 
shows the reactivity is higher. In the present study, such a change by 
short-wavelength light exposure in CNV pressure has been confirmed. Our 
results suggest that the subjects who scored high on Type A behavior pattern 
easily received the influence of short-wavelength monochromatic light 
exposure. For example, in the work environment if a high level of arousal is 
necessary, for the subjects who scored high on Type A behavior pattern, the 
light contains more of the short wavelength components is desirable. .About 
the factors associated with alerting effects, the personal characteristics of 
subjects are a new viewpoint for understanding the human physiological 
responses to monochromatic light exposure. It should be noted that the 
sample size of the present study was relatively small, suggesting that a 
larger sample size may be needed to confirm this result. However, it is 
believed that the result give a general trend about an impact of Type A 
behavior pattern on the alerting effect by the amplitudes of early CNV.  
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Chapter 3  
 
Effects of Short-wavelength Blue Light and 
Long-wavelength Red Light with Different Intensities on 
the Central Nervous System during the Daytime 
 
 
 
3-1 Introduction  
 
Sun light is only source of light in the natural environment. Adaptation is 
any structural, physiological, or behavioral characteristics of an organism 
that make it better suited in its environment and consequently improves its 
chances of survival. So, it is believed that the human as well as other 
organisms, has to adapt to it under natural light (Katsuura, 2007). On the 
other hand, in modern society, with the spread of the artificial lighting, the 
lighting is not only a visual effect, but also has various physiological effects 
in humans. Therefore, in order to realize the design of safe and comfortable 
light environment, it is considered to become important to focus on human 
physiological characteristic and study on the non-visual effects. 
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 Since the discovery of intrinsically photosensitive retinal ganglion cell 
(ipRGC) in the human retina (Berson et al., 2002), it is likely that the 
mechanism behind the alerting effects of light involves melanopsin, the 
photo pigment in ipRGC. Melanopsin is most sensitive to short-wavelength 
blue light (approximately 480 nm) (Gooley et al.,2001; Hattar et al., 2002; 
Qiu et al.,2005)  and very insensitive to long-wavelength light. The alerting 
effects of light are often explained by its mediating effect on melatonin 
suppression at night (Brainard et al., 2001; Berson et al., 2002; Lockley et al., 
2003; Perrin et al., 2004). It has, however, not yet been established whether 
melanopsin plays a role in daytime alertness as well, because during the 
daytime, melatonin levels are low. 
In previous studies on lighting, illumination has been demonstrated to be 
an important factor in determining the appropriateness of lighting 
environment (Iwakiri et al., 1999). It is considered that the wavelength and 
intensity as important factors in determining the effects on physiological and 
psychological aspects of humans. To reveal the effect of different wavelengths 
by varying the light intensity, it is the key to understanding the effects of the 
external environment by monochromatic light exposure during the daytime. 
In addition, the color specific effects of light on humans have been mainly 
reported in psychological studies. The color red, for example, has been 
associated with feelings of danger, love, rage and excitement as well as 
negative feelings such as anxiety, anger and annoyance.  Meanwhile, blue is 
associated with being calming and relaxing in color psychological studies 
(Peter et al., 1984; Manav, 2007). Different colors are known to be associated 
with different emotional and physical states (Valdez et al., 1994). The impact 
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of color on momentary mood and alertness is still controversial. 
The central nervous activity is often examined by spontaneous 
electroencephalogram. As an indicator that reflects the relatively 
high-ordered neurophysiological brain function, which is an event-related 
potential (ERP). Contingent negative variation (CNV) as one of the useful 
measures of ERPs was first detected by Walter et al. (1964), and since then 
this has become associated with paychophysiological factors including 
expectancy (Walter et al.,1964), motivation (Irwin et al.,1996), and attention 
and arousal (Tecce,1972) . In particular, the early component CNV has been 
used in many studies as well as an index of arousal level (Higuchi et al., 
1997; Iwakiri et al., 1999). In addition, the late component CNV is believed 
to reflect the readiness of movement and higher-order brain activity, such as 
expectations, motivation, and motivation (Tecce, 1972; 1976). 
   This study was designed to explore how a long- and a short-wavelength 
light of different intensities by the CNV on the central nervous system 
during daytime.   
 
 
3-2 Methods  
 
3-2-1 Subjects 
 
Eight healthy young males color vision was normal in 100 hue test 
Farnsworth-Munsell, aged 24-31 years (mean: 27 years; SD: ±3), participated 
in the study. The subjects were requested to refrain from exercising and 
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drinking alcohol during the night before the experiment and were prohibited 
from drinking caffeinated beverages or smoking cigarettes during the 
experiment. Prior to the study, subjects had to keep a regular sleep-wake 
cycle (an 8-h sleep episode) for 1 week.  All subjects gave fully informed 
consent to participate in the study. 
 
3-2-2. Experimental environment 
   
The experiments were conducted in an electrical shielded room. The 
temperature and relative humidity of this room were set at 25 ℃ and 50± 
5％, respectively. Each monochromatic light was administered via a sphere 
(Styrofoam, 60 cm diameter). Two types of blue and red LED were placed in 
60 cm diameter light sphere. The LEDs were hidden from the direct view of 
the participants. The subject’s head is slightly withdrawn from the opening 
of the sphere. This apparatus provides a uniform monochromatic light 
exposure that encompasses the subject’s entire visual field (Figure 1). 
 
 
 
 
 
 
                                               
Cited by ( Xia et al.,2013) 
Figure 1.  Experimental image  
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3-2-3 Experimental conditions 
 
Before being exposed to each monochromatic lighting condition, the 
subjects were subjected to a control session under an identical environment 
(13 lx, color temperature was 5,000K) in the laboratory (Indoor lighting).  
Table 1 shows the parameters of the light source LED. Spectral 
distribution of light source LED is measured (HSB-8100, Maki 
Manufacturing Co., Ltd.), and to uniform the three irradiance at the position 
of the eye of the subject. Figure 2 shows the spectral distribution of light 
source LED． 
 
Table1.  LED parameters  
 
 
 
 
 
 
 
 
 
                                           Cited by ( Xia et al.,2013) 
 
 
 
 peak 
(nm) 
FWHM 
(nm） 
irradiances 
(µW/㎠) 
 
blue light 
Low(Blue1) 474 22 0.8 
Medium(Blue2) 475 24 13.1 
High(Blue3) 476 26 210.1 
 
red light 
Low(Red1) 624 15 0.8 
Medium(Red2) 624 15 13.4 
High(Red3) 625 17 212.3 
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Cited by ( Xia et al.,2013) 
Figure 2．Spectral distribution of LED  
         
3-2-4 Procedure 
 
The experiment was conducted protocol as in Figure 3. The subjects 
entered the laboratory, attached to the electrode, under the control condition. 
CNV was measured (600 s approximately) after enough rest. After then, the 
subjects were to rest for 10 minutes in the dark condition, the subjects are 
exposed to conditions of each monochromatic light, and the CNV was 
measured as well. 
The experiments with the six light conditions for each subject were 
conducted at the same time but on different days. The order of the six light 
conditions was random between the subjects. 
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Figure 3． Procedure 
 
 
3-2-5 CNV measurement 
 
Simple reaction task was loaded, in which single trials were presented 
repeatedly. Each single trial consisted of a warning stimulus (S1) followed 2 
sec later by an imperative stimulus (S2). Simple tone was used for both S1 
(1000 Hz、70 ms）and S2 (2000 Hz、70 ms）. Inter trial interval (ITI) was set 
at 10±3 sec. One session constituted of 50 trials and took about 10 min. The 
subject was instructed to press a button as soon as possible when the S2 was 
presented, and to stare at the fixation point. Simple tone which was created 
using the Sound Edit TM16 version 2.0 J (Macromedia Inc.) was presented to 
subjects from the earphone with 70dBA sound pressure level. 
 CNV Rest Darkness Rest CNV 
10 min 5 min 2min 10 min 
baseline condition 
    ▼ 
Light exposure 
 ▼ 
Wavelengths 
(2 level) 
☓ 
Intensities 
(3 level) 
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The electroencephalogram (EEG) electrodes were attached on Fz, Cz, and 
Pz recording sites on the basis of the International 10/20 system and 
referenced to linked earlobes (A1 and A2). A bioelectric amplifier ( Neurotop 
MME-3124、NIHON KOHDEN) was used. The time constant for CNV was 
set at 6 sec (Low-cut: 0.032 Hz), high-frequency cut-off at 30Hz. Sampling 
rate was 1000 Hz and impedance was maintained <5 kΩ. Additionally, to 
monitor the presence/absence of artifacts into the EEG, the vertical 
electrooculogram (EOG) for the left eye was recorded. The low-frequency 
cut-off was set at 0.032Hz, high-frequency cut-off at 100Hz.  
 
 
3-2-6. Subjective evaluations 
 
Subjective evaluations (Figure 4) are once under control, and once after 
monochromatic light exposure. The 7 items of subjective evaluation:
“Sleepiness”, “Fatigue”, “Motivation”, “Comfortable”，“Glare”，“Tension”, 
“Alertness, “Comfort”, were measured by Visual Analog Scale（VAS）. 
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Subjective Evaluations 
 
Name: _________ Date: ___________ Experiment condition: __________ 
   
To the following questions, please mark on the horizontal line the current state of your 
feeling.  
For example: ｢Relax｣ 
      
      no relax                                                    very relax 
 
 
1  ｢Sleepiness｣ 
      
      no sleepy                                                   very sleepy 
2 ｢Fatigue｣ 
      
      no fatigue                                                  very fatigue 
3 ｢Motivation｣ 
      
     no motivation                                         very high motivation 
4 ｢Comfort｣ 
      
     no comfort                                                  very comfort 
5 ｢Glare｣ 
      
     no glaring                                                   very glaring 
6 ｢Tension｣ 
      
      no tension                                                very tension 
7 ｢Alertness｣ 
      
     very low alertness                                      very high alertness 
 
Figure4. Subjective evaluations 
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3-3 Date Analysis 
 
3-3-1 Averaging of CNV 
   
The averaging of CNV was conducted using the mean potential during 
500 msec before S1 as the baseline level. The following trials were omitted 
from the averaging (Higuchi et al.,1997; Iwakiri et al.,1999): (1) EOG activity 
exceeding 150 μV, indicating eye blink or eye movement , (2) Any sampling 
value during the S1-S2 interval exceeding ± 75μV with respect to the 
baseline, (3) Number of negative points less than 10％ of the total sampling 
points during the interval spanning from 500 msec after S1 to the S2 onset, 
(4) Mean sampling value after 1,000 msec S2 exceeding - 50μV with respect 
to the baseline, (5) Trial there is no reaction. And the reaction time was 
below 120 msec or beyond 300 msec. Adding an average of CNV amplitude 
for each light condition of each subject was calculated (number of added 
times: 13 ± 3). 
 
 
3-3-2 Early and late component of CNV  
 
For each subject, the averaged CNV potential was computed separately 
at each scalp location for each of the six lighting conditions. The data base of 
the S1-S2 interval was a set of 96 waveforms (8 subjects ☓ 6 lighting 
conditions ☓  2 blocks). Figure 5 demonstrates the segmented CNV 
amplitudes of 50 msec epoch at each scalp location. 
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The averaged CNV was presented at epoch between 600 ms after SI and 
S2 onset. However, because there is a possibility to contains 
movement-related potential since the 1000 ms after S1. Moreover, a similar 
result was obtained at Cz and Pz. Thus, the early CNV data were calculated 
using the mean potential during the epoch from 600 ms to 1000 ms after S1. 
The late CNV data were calculated using the mean potential during the 
epoch from 1000 ms to 2000 ms after S1.  
 
 
 
 
 
 
 
 
 
 
                                              Cited by ( Xia et al.,2013) 
Figure5. Temporal changes in the segmented CNV amplitudes of 50 msec 
epoch at each scalp location 
 
 
 
 
 
S1               S2           
2000 
 early CNV  
▼ 
late CNV  
▼ 
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3-3-3 Statistical Analysis 
 
Change scores ( △ ) were calculated by subtracting respective baseline 
(control condition)  values from values averaged during each 
monochromatic light exposure. For the CNV and reaction time, a two-way 
(wavelength factor and intensity factor) repeated measure ANOVAs was 
performed. A series of ANOVA and correlation analyses were calculated. The 
Bonferroni was used to examine the difference. The level of significance was 
set at p< 0.05. 
 
 
 
 
3-4 Result 
 
3-4-1 Early component of CNV  
 
At Fz, the main effect of intensity factor was significant, the change scores 
of amplitudes of early CNV under medium intensity was higher than the 
amplitudes under low intensity (p=0.008）and high intensity (p=0.015) 
(Figure 6)．But the main effect of wavelength factor and the interaction were 
not significant.  
No significant relation was found at Cz (Figure 7) and Pz (Figure 8) . 
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Figure 6.Changes in amplitude of early CNV at Fz for red and blue light.   
Means ± SEs. * p<0.05   
 
 
Figure 7. Changes in amplitude of early CNV at Cz for red and blue light.   
Means ± SEs. * p<0.05   
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Figure 8.Changes in amplitude of early CNV at Pz for red and blue light.   
Means ± SEs. * p<0.05   
 
 
 
 
3-4-2  Late component of CNV  
 
At Fz, the main effect of intensity factor was significant, the change 
scores of amplitudes of late CNV under medium intensity was higher than 
the amplitudes under low intensity (p=0.042）and high intensity (p=0.025) 
(Figure 9)．But the main effect of wavelength factor and the interaction were 
not significant. 
At Cz, the main effect of intensity factor was significant, the change 
scores of amplitudes of early CNV under medium intensity was higher than 
the amplitudes under low intensity (p=0.066）and high intensity (p=0.020) 
(Figure 10)．But the main effect of wavelength factor and the interaction 
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were not significant. 
At Pz, the main effect of intensity factor was significant, the change 
scores of amplitudes of early CNV under medium intensity was higher than 
the amplitudes under low intensity (p=0.066）and high intensity (p=0.020) 
(Figure 11)．But the main effect of wavelength factor and the interaction 
were not significant. 
 
 
 
 
Figure 9.Changes in amplitude of late CNV at Fz for red and blue light.  
Means ± SEs. * p<0.05   
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Figure 10.Changes in amplitude of late CNV at Cz for red and blue light.  
Means ± SEs. * p<0.05   
 
 
 
Figure 11.Changes in amplitude of late CNV at Pz for red and blue light.  
Means ± SEs. * p<0.05   
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3-4-3 Reaction time (RT) 
   
The RT for the medium intensity was significantly shorter than under 
low intensity (p=0.06) (Figure 12), and the main effect of wavelength factor 
and the interaction were not significant. 
 
 
 
Figure 12． Reaction Time. Means ± SEs; * p < 0.05; † p< 0.1   
 
 
 
3-4-4 Subjective evaluations 
 
About the state of the control condition, a one-way repeated measures 
ANOVA was performed in each item, there were no significant difference. 
Therefore, there is no difference by day. 
“Sleepiness”：In the blue light exposure, the main effect of time factor and 
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intensity factor were significant, the change scores of “Sleepiness”under 
medium intensity was significantly decreased than under low intensity 
(p=0.029), and “Sleepiness”after light exposure was significantly decreased
（p=0.023）. But, the interaction was not significant. On the other hand, in 
the case of red light, the main effect of time factor and intensity factor were 
significant, the change scores of “Sleepiness” under medium intensity was 
significantly decreased than under low intensity (p=0.029), and “Sleepiness”
after light exposure was significantly decreased（p=0.000）（Figure 13）。But, 
the interaction was not significant. 
 
 
 
Figure 13． Sleepiness． Means ± SEs；* p < 0.05. The score on the vertical 
axis showed a degree of sleepiness of the subjects with a number 
from 0 to 100(0= not sleepy; 100= very sleepy)． 
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“Motivation”：In the blue light exposure, the main effect of intensity factor 
was significant, the change scores of “Motivation”under medium intensity 
was significantly higher than under low intensity (p=0.11) (Figure14). But, 
the main effect of time factor and the interaction were not significant. On the 
other hand, in the case of red light, the main effect of time factor and 
intensity factor, and the interaction were not significant. 
 
 
 
 
Figure14． Motivation．Means ± SEs; * p < 0.05.The score on the vertical axis 
showed a degree of motivation of the subjects with a number from 
0 to 100（0= no motivation; 100= very high motivation） 
 
 
 
 
Baseline   red light               Baseline   blue light 
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“Glare”：In the blue light exposure, the main effect of intensity factor was 
significant, the change scores of “ Glare ” under high intensity was 
significantly stronger than under medium intensity (p=0.009）(Figure15).On 
the other hand, in the case of red light, the main effect of time factor and 
intensity factor, and the interaction were not significant.  
 
 
 
 
Figure 15．Glare．Means ± SEs; * p < 0.05. The score on the vertical axis 
showed a degree of glare of the subjects with a number from 0 to 
100（0= no glaring; 100= very glaring）. 
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“Alertness”：In the blue light exposure, the main effect of intensity factor 
was significant, high intensity（p=0.004）and medium intensity（p=0.003）
were significantly increased than under low intensity. But, the main effect of 
time factor and the interaction were not significant. On the other hand, in 
the case of red light, the main effect of time factor was significant, 
“Alertness” after red light exposure was significantly increased（p=0.023）, 
the main effect of intensity factor and the interaction were not significant 
(Figure 16).  
 
 
Figure 16． Alertness．Means ± SEs; * p < 0.05 . The score on the vertical axis 
showed a degree of alertness of the subjects with a number from 
0 to 100(0=very low alertness;100=very high alertness）. 
 
The other is about “Fatigue”, “Comfort”, “Tension”, the main effect of 
time factor and intensity factor, and the interaction were not significant.  
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3-5 Discussion 
 
3-5-1 The altering effects of monochromatic light exposure 
 
In present study，the amplitudes of early CNV under medium intensity 
was higher than the amplitudes under low intensity and high intensity 
(Figure 6)．In addition, it was also found that the reaction time is slow by 
exposure to high intensity light compared to the medium intensity（Figure 
12）．Inverted U-shaped relationship between the level of arousal and task 
performance is well known. From exceeding the peak of the inverted U, 
showed delayed reaction time simultaneously with the reduction of the 
amplitude of CNV in a state of distraction, Tecce（1976）has been reported 
that a decrease in the amplitude of early CNV which was affected by 
excessive alertness. It is considered also in present study in the case of 
monochromatic light exposure, since the slower response time and a decrease 
in amplitude of CNV, and the arousal level has become excessive at high 
intensity conditions. Furthermore, the intensity of light that required for 
obtaining the alertness task depends on the type of task. For a simple task, 
in order to improve performance or to maintain alertness, the high intensity 
is not required so much.  
About the late CNV component, it reflects the state of preparation of the 
higher-order nervous activity and exercise expectations of the reaction 
stimulus, motivation, and motivation is known (Tecce, 1972; 1976). In 
addition, readiness potential associated with the movement is included in 
the late CNV component. In addition, late CNV component includes motor 
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readiness potential (Rohrbaugh et al., 1976). The late CNV component 
containing this readiness potential is strongly related to the reaction time, 
there is a negative correlation between them has been reported (Arito et al., 
1991). Against showed a higher amplitude of late CNV component by the 
medium intensity compared to the high intensity of light exposure in the 
present study（Figure 9-11）, the reaction time of the medium intensity that 
tended to significantly shorter than in the high intensity（Figure 12）, that is 
the negative relationship between the reaction time and the late component 
of CNV was confirmed.  
Light-induced alerting effect was strongest in medium intensity, which is 
considered to be related to pupil diameter mainly.The pupillary light reflex is 
a reflex that controls the diameter of the pupil, in response to the intensity 
(luminance) of light that falls on the retina of the eye. Greater intensity light 
causes the pupil to become smaller, whereas lower intensity light causes the 
pupil to become larger. Thus, the pupillary light reflex regulates the 
intensity of light entering the eye (Purves et al., 2008). Non-visual effects 
(such as melatonin suppression) have been reported to be related to the pupil 
size by adjusting a light quantum reaching the retina (Gaggy et al., 1993). It 
has been reported that pupil dilations and constrictions are governed by the 
autonomic nervous system and emotion (Partalaa et al., 2003). In the case of 
high intensity, as compared with the case of light exposure of moderate 
intensity, pupil size is reduced because monochromatic light-induced a sense 
of discomfort, such as anxiety and dazzling. There may be a possibility that 
because a light quantum reaching the retina is reduced, lowered the 
alertness response. As a limit of this study is that we did not measure the 
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pupil diameter. In order to predict a light quantum reaching the retina, the 
retinal radiant flux, which is defined as the product of the pupil area times 
irradiance at eye level exposed to a light stimulus, is required (Yasukouchi et 
al., 2007). 
 
 
3-5-2 The psychological altering effects  
 
The results of this study, both long and short wavelength lights, 
“Sleepiness” after light exposure is significantly reduced, and “Alertness” 
was significantly increased compared to pre-exposure. It is considered that 
monochromatic light-induced mood may also lead to an increase in 
concentration and a decrease in subjective sleepiness. Koyama et al. (2008) 
have reported the Uncomfortable feeling or negative emotions may lead to 
higher levels of arousal. However, the mechanisms cause discomfort or 
negative emotions by monochromatic light exposure are unknown, it is 
believed that there is a potential effect of such subjective altering effect.  
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3-6 Conclusion  
 
This study was designed to explore how a long- and a short-wavelength 
light of different intensities effect on the central nervous system during the 
daytime. We measured the effect of low, medium, and high intensity of a 
long- and a short-wavelength light on CNV and on subjective evaluation. 
Results showed that the influence of intensity of monochromatic light was 
also observed in the early CNV component, which revealed that the early 
CNV for the medium intensity light was significantly higher than that for 
the low and high intensity light. It was also revealed that the reaction time 
was slow due to the high intensity light exposure compared to medium 
intensity. It is suggested that in order to improve performance and increase 
the readiness and motivation of the higher nervous activity and exercise 
expectations for the stimulus, an optimum light intensity is present.  
However, the mechanisms cause discomfort or negative emotions by 
monochromatic light exposure are unknown, it is believed that there is a 
potential effect of such subjective alertness. 
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Chapter 4 
 
Comparison of the Effects of Wavelength and Intensity of 
Monochromatic Light on Cardiovascular Responses 
during Task and in Recovery Periods 
 
 
 
 
4-1 Introduction  
 
Light modulates brain function through its impact on the timing of 
circadian rhythms (Brainard et al., 2001) but also through direct effects on 
physiology and behavior, including modulation of alertness and task 
performance (Cajochen et al., 2000, 2005; Franch et al., 1990; Lee et al., 
2008). Light not only guides performance on tasks through vision but also 
exerts non-visual effects that are mediated in part by recently discovered 
retinal ganglion cells maximally sensitive to blue light (Vandewalle et al., 
2009). It is well-known that retinal photosensitive ganglion cells project to 
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the suprachiasmatic nucleus through the retinohypothalamic tract and 
multi-synaptically to the pineal gland as well as to various other brain areas 
(including the brain stem, limbic system, and cerebral cortex) that share 
inputs from the visual photoreceptor system (Hattar et al., 2006). In this 
manner, light is directed to the brain areas regulating the autonomic 
nervous system (ANS). 
It is known that cardiovascular response is controlled by autonomic 
nervous function. Cardiovascular response measurement has been suggested 
as a useful tool for the evaluation of the short-term effects of light on humans 
(Frank et al., 1999, 2004). In previous studies, light with higher color 
temperature was considered to activate the autonomic nervous function 
more than light of lower color temperature (Noguchi et al., 1999; Jin et al., 
2005; Katsuura et al., 2005). The correlations of low-illumination 
environment with increased parasympathetic activity and of 
high-illumination conditions with increased sympathetic activity are 
generally accepted (Mukae et al., 1992; Sugimoto et al., 2001). To date, only a 
few studies have investigated the effects of colored light on autonomic 
nervous function. One group examined the effects of exposure to red, blue, 
and white light. Results indicated significantly greater autonomic arousal for 
red light as compared to blue light (Gerard, 1958). Another study reported 
that the emotional state of the subjects was an important modulator of the 
acute effects of dim colored light on the ANS (Choi et al., 2011). Therefore, 
the wavelength and intensity of light were likely important factors involved 
in the effects of light on autonomic nervous responses. Moreover, the 
personality traits of subject reflect the internal environment of an individual 
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and have an independent effect on the autonomic nervous system (Matthews 
et al., 1977; Katsuura et al., 2010; Choi et al., 2011). It can be hypothesized 
that anxiety might change baroreflex sensitivity (Jens et al.1999). 
The association of anxiety and cardiovascular reactions following 
stressors has been investigated in a variety of studies. Trait anxiety may 
influence perception of bodily sensations (Steptoe et al., 1992). Miller et al. 
（1992）demonstrated greater elevations of heart rate and forearm blood flow 
together with decreased forearm vascular resistance in subjects who scored 
high on trait anxiety when they were exposed to an extended active coping 
stressor. So, Miller et al. (1992) concluded that the personality traits anxiety 
might moderate cardiovascular responses to stressors. The above mentioned 
studies drove us to examine anxiety influences on cardiovascular responses 
to monochromatic light stimuli.  
The purpose of this study was to compare the effect of three different 
intensities (low, medium, and high) of the two wavelengths of light (red and 
blue) on cardiovascular responses and to evaluate the possible relationship 
between the monochromatic light and the personality traits anxiety of 
subjects. 
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4-2 Methods  
 
4-2-1 Subjects 
 
Eight healthy young males, aged 24-31 years (mean: 27 years; SD: ±3), 
participated in the study. The subjects were requested to refrain from 
exercising and drinking alcohol during the night before the first experiment 
and were prohibited from drinking caffeinated beverages or smoking 
cigarettes during the all experiment periods. All subjects gave fully informed 
consent to participate in the study. 
 
4-2-2 Monochromatic lighting conditions and task 
 
Each monochromatic light (Table1) was administered via a sphere 
(Styrofoam, 60 cm diameter). The subject’s head is slightly withdrawn from 
the opening of the sphere. This apparatus provides a uniform monochromatic 
light exposure that encompasses the subject’s entire visual field (Brainard et 
al., 2001).  
The simple reaction time task consisted of a warning stimulus (S1: 1000 
Hz, 70 ms) followed 2 s later by an imperative stimulus (S2: 2000 Hz, 70 ms). 
The inter-trial interval (ITI) was 10±3 s. One task consisted of 50 trials and 
took about 10 min. The task was presented via headphones with 70-dB 
auditory tones (S1 and S2). Subjects were instructed to press a button as fast 
as possible whenever the S2 was presented.  
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Table 1. LED parameters 
 
 
 
 
 
 
 
 
 
 
Cited by ( Xia et al.,2012) 
 
4-2-3 Protocol 
 
When the subjects arrived at the laboratory (air temperature, 25°C; 
relative humidity, 50 ± 5%), they were asked to be rest for at least 30 min 
before the recording session. For each monochromatic light condition, the 
subjects completed three recording sessions: a 5-min rest period as a baseline, 
a 10-min S1-S2 reaction task period during the monochromatic light 
exposure, and a 10-min recovery period under the dark environment (Figure 
1). Before the baseline, the subjects were training for the task. After the 
baseline, filled out state-trait anxiety inventory (STAI) was the first time. 
Next, turn off the lights, and prepare for the monochromatic light exposure. 
STAI for the second time, filled out after the monochromatic light exposure.  
 peak 
(nm) 
FWHM 
(nm） 
irradiances  
(µW/㎠) 
illuminance  
(lx） 
 
blue 
low（Blue1） 474 22 0.8     1 
medium（Blue2） 475 24 13.1 15 
high（Blue3） 476 26 210.1 262  
 
red 
low（Red1） 624 15  0.8  2 
 medium（Red2） 624 15 13.4 34 
high（Red3） 625 17  212.3 512 
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This experiment was performed on a one-light-condition-daily basis for 6 
days at the same time period of the day (14:30 to 16:00). The six lighting 
conditions were administered in a random order. 
 
 
 
 
 
                                              Cited by ( Xia et al.,2012) 
Figure 1． Procedure 
 
4-2-4 State-trait anxiety inventory (STAI)  
 
The STAI can be used to simultaneously evaluate the levels of state and 
trait anxiety. There are three forms of the STAI. In present study, we used 
the current variation of the STAI Form X, which differentiates between 
temporary or emotional state anxiety (STAI-State) versus long standing 
personality trait anxiety (STAI-Trait).    
The instrument is divided into two sections（state anxiety and trait 
anxiety）, each having twenty questions. Individuals respond to each item on 
a four-point scale．The range of scores is 20-80 by summing the item scores，
and  the higher the score indicating greater anxiety (Spielberger et al., 
1970).  
 
Training 
rest 
(baseline) 
Darkness 
(<1 lx) 
rest  task Darkness 
(<1 lx) 
5 min 2min 10 min 10 min 
During Task Periods 
▼ 
Recovery Periods 
▼ 
Baseline Condition 
▼ 
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4-2-5 Cardiovascular measures 
 
During recording sessions, systolic and diastolic blood pressure (SBP and 
DBP), mean arterial pressure (MAP), heart rate (HR), cardiac output (CO), 
and total peripheral resistance (TPR) were measured continuously by a 
noninvasive continuous blood pressure monitor (Portapress Model-2), which 
can measure beat-to-beat pressures by a cuff worn on the finger.  
 
 
4-2-6 Data analysis 
 
Reaction Time: Average value was used for task period during the 
monochromatic light exposure. 
STAI-Trait : Average value was used for all lighting condition（Table2）．Trait 
anxiety is a long-standing personality trait that reflects a stable 
tendency. Because of variation of trait anxiety score was larger, 
one subject removed from the analysis of STAI. 
STAI-State: Change scores (∆) were calculated by subtracting respective 
baseline values from values under the experimental light 
condition（Table 3）. 
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Table 2. The Score of STAI-Trait of the subjects  
 
 
 
 
 
 
<23 very low; 24〜32 low; 33〜43  
normal；44〜52 high; >53 very  
high> 
 
                                       Cited by ( Xia et al.,2012) 
Table3.The Score of STAI-State between Control and Light exposure 
( Means ±SEs） 
 
 
 
 
 
<22 very low; 23〜31 low; 32〜40 
normal；41〜49 high; >50 very 
high> 
Cited by ( Xia et al.,2012) 
 
 
Subjects 
(n=7) 
STAI-Trait 
(Means±SEs) 
A 32.9±0.6 
B 25.1±0.6 
C 40.2±0.8 
D 47.7±0.7 
E 50.7±0.4 
F 41.2±0.6 
G 26.3±0.3 
Control   Light exposure  
31.3±3.3 41.0±3.8 red3  
31.7±3.9 39.3±3.5 red2 
31.4±3.7 40.4±2.5 red1 
32.6±4.4 37.9±3.6 blue3 
32.6±3.1 35.1±2.4 blue2 
32.4±3.6 37.7±3.2 blue1 
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Cardiovascular：From each baseline, task and recovery period were averaged 
to obtain change scores (△), which were calculated by subtracting respective 
baseline values from values averaged during each task or each recovery 
period. The change scores of mean arterial pressure (△MAP), heart rate 
(△HR), cardiac output (△CO), and total peripheral resistance (△TPR) were 
used. 
A series of repeated measures analysis of variance (ANOVA) and 
correlation analyses were calculated, using the statistical program SPSS. 
The Bonferroni adjustment was used to examine the difference. The level of 
significance was set at 0.05．The level of significant trend was set at 0.1
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4-3 Results 
 
4-3-1 Task performance 
   
A two-way ANOVA with repeated measures of the mean reaction time 
(RT) revealed that the RT for the short-wavelength light (blue) was 
significantly shorter than that for the long-wavelength light (red) light 
(p=0.05) (Figure 2), and the main effect of intensities factor and the 
interaction were not significant. 
 
 
 
 
 
 
                                               Cited by ( Xia et al.,2012) 
Figure 2． Reaction Time. Means ± SEs; * p < 0.05; † p< 0.1   
 
 
4-3-2. Cardiovascular response 
 
Changes over time 
   
The results of one-way repeated measures ANOVA of time factor showed 
the following（Figure 3）. 
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Figure 3．Change in △SBP, △DBP, and △MAP for the monochromatic light 
exposures during the baseline, task periods and a recovery. Means 
± SEs.  
 
 
Systolic blood pressure (SBP): During the red2 light condition, the ∆ SBP in 
the task period (p=0.015) and in the recovery period (p=0.039) were 
significantly higher than that at baseline. During the blue2 light condition, ∆ 
SBP in task period (p=0.062) tended to be higher than that at baseline, and 
the ∆ SBP in the recovery period (p=0.014) was significantly higher than that 
in the baseline. No significant relation was found during the Red 1, Red 3, 
Blue 1 and Blue 3 light conditions. 
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Diastolic blood pressure (DBP): During the red2 light condition, the ∆DBP in 
task period (p=0.050) and in recovery period (p=0.010) were significantly 
higher than that at baseline. During the blue2 light condition, the ∆ DBP in 
the task period (p=0.054) tended to be higher than that at baseline, and the ∆ 
DBP in the recovery period (p=0.049) was significantly higher than at the 
baseline. During the blue3 light condition, the ∆ DBP in task period 
(p=0.020) was significantly higher than at the baseline. No significant 
relation was found during the Red 1, Red 3 and Blue 1 light condition. 
 
Mean arterial pressure (MAP): During the red2 light condition, ∆ MAPs in 
the task period (p=0.042) and the recovery period (p=0.014) were 
significantly higher than that at baseline. During the blue2 light condition, 
the ∆ MAP in the task period (p=0.069) tended to be higher than that at 
baseline while that in the recovery period (p=0.029) was significantly higher 
than that at baseline. During the blue3 light condition, ∆ MAP in the task 
period (p=0.034) was significantly higher than that at baseline. No 
significant relation was found during the Red 1, Red 3 and Blue 1 light 
condition.  
 
However, ∆ TPR, ∆CO and ∆ HR did not significantly change during the 
baseline, task periods and recovery. 
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During task periods 
 
The results of two-way repeated measures ANOVAs (wavelength factor 
and intensity factor) showed that the △SBP for the medium-intensity light 
was significantly higher than that for the high-intensity (p=0.049) light 
(Figure 4), and the main effect of wavelength factor and the interaction were 
not significant. 
 
During recovery periods 
 
The results of two-way repeated measures ANOVAs (wavelength factor 
and intensity factor) showed that the △SBP for medium-intensity light was 
significantly higher than for low (p=0.011) or high (p=0.012) intensity, and 
the △DBP for medium-intensity light was significantly higher than that for 
high intensity light (p=0.000), and tended to be higher than that for 
low-intensity light (p=0.053). △MAP for medium-intensity light was 
significantly higher than for low (p=0.024) and high (p=0.006) intensities 
(Figure 5), and the main effect of wavelength factor and the interaction were 
not significant. 
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Cited by ( Xia et al.,2012) 
Figure 4．Comparison of the intensity of each △ SBP, △ DBP and △ MAP 
during the task period. Means ± SEs; * p < 0.05 
 
 
 
 
 
 
 
 
 
Cited by ( Xia et al.,2012) 
Figure 5．Comparison of the intensity of each △ SBP, △ DBP and △ MAP 
during the recovery period. Means ± SEs; * p < 0.05; † p< 0.1 
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4-3-3 The response patterns  
 
Under monochromatic light of blue condition, the positive Pearson 
correlations between ∆MAP and ∆CO were significant (Figure 6). 
   No significant relation was found under the red light condition. 
 
 
 
Cited by ( Xia et al.,2012) 
 
Figure 6．The scatter diagrams of △MAP and△ CO for the blue light exposure 
(n=7). A positive Pearson correlation between △ MAP and△ CO is 
significant. 
 
 
 
blue1: r=0.783, p= 0.022;  
 
 
blue2, r=0.812, p=0.014; 
blue3, r=0.852, p=0.007 
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4-3-4  STAI－state anxiety and trait anxiety 
 
State anxiety 
 
In the red light exposure, the main effect of time factor was significant, 
「State anxiety」after red light exposure was significantly increased than 
before（p=0.015）（Figure 7）. But, the main effect of intensity factor and the 
interaction were not significant. On the other hand, in the case of blue light, 
the main effect of time factor and intensity factor, and the interaction was 
not significant were not significant. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. State anxiety score between control and after light exposure. 
Means ± SEs；* p<0.05.  
 
 
 
 
 110 
Trait anxiety 
  
A significant Spearman correlation was found between the trait anxiety 
score of subjects and blood pressure (BP) responses under the Blue 1 light 
condition during the task period（Figure 8). No significant relation was found 
under the red light condition and Blue 2 and Blue 3 light conditions. 
 
No significant correlation was found between the state anxiety score of 
subjects and BP responses under the blue and red light conditions. 
 
 
Cited by ( Xia et al.,2012) 
 
Figure 8. The scatter diagrams of trait anxiety score and BP (△SBP, △DBP  
and △MAP) under the blue 1 light condition during the task period 
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4-4 Discussion 
 
4-4-1 The effect of wavelength 
 
The influence of wavelength of the monochromatic light was observed in 
the performance of an auditory task (Figure 2), which revealed that the 
reaction time for the short-wavelength light was significantly shorter than 
that for the long-wavelength light. As compared to longer wavelength light, 
shorter wavelength light exposure increases ongoing non-visual cognitive 
activity in subcortical and cortical brain areas (Vandewalle et al. 2007). 
Lockley et al. (2006) stating that exposure to short-wavelength (blue) light 
was associated with an enhanced alertness and ability to sustain attention. 
In the present study, such a difference of task performance between red and 
blue light exposure has been confirmed. 
 
4-4-2 The effect of intensity 
 
The influence of intensity of monochromatic light was also observed in 
the blood pressure (Figure 4, 5), especially in the recovery period (Figure 5)．
Sugimoto et al. (2001) concluded that the increase in the physiological load 
at the high illuminance level is considered to be caused by intensive light 
stimuli ， which has been shown that sufficient intensity can elicit 
near-maximal cardiovascular function. In the present study, in the case of 
monochromatic light exposure, such a change by light intensity in blood 
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pressure has been confirmed.  
 
4-4-3 The response patterns  
 
We compared the cardiovascular responses of the red and blue 
monochromatic light by assessing the responses to an auditory task. As 
compared to the red light exposure, under the blue light exposure, a 
significant correlation was found only between △MAP and △CO (Figure 7). 
This suggests that under the blue light exposure caused a clear cardiac 
response that cause beta-adrenergic activation of the sympathetic nervous 
system characterized by an increase in CO (Iwanaga et al., 2005; Sherwood 
et al., 1990). However, the sample size was relatively small; a larger sample 
may be needed to confirm this point. 
 
4-4-4 An impact of trait anxiety on blood pressure responses 
 
It is known that the baroreflex reflex is one of the body's homeostatic 
mechanisms for maintaining blood pressure. Reducing baroreflex sensitivity 
has the opposite effect and increases blood pressure (Marco, 1993). It can be 
hypothesized that anxiety might change baroreflex sensitivity (Jens et 
al.1999). In the present study, an impact of trait anxiety on blood pressure 
responses was also observed (Figure 8). It is considered that the subjects who 
scored high on trait anxiety easily received the influence of blue color 
psychology. In the present study, blue 1 is lower-irradiance light, which 
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seems that the possibility to lead to non-visual effects is low. One possible 
explanation for this finding might be that the blue color is a common 
indicator of tranquilizing in color psychological studies (Yousuf er al., 2005). 
The blue color appears to have a calming effect which stimulates the 
parasympathetic nervous system letting the peripheral circulation widen 
(Zaimwen et al., 1999). The color specific effects of light on humans have 
been mainly reported in color psychological studies. However, the associated 
psychological processes have not been fully explored (Rüger et al., 2006). A 
limitation is that the sample size was relatively small; a larger sample may 
be needed to confirm this point.  
As for the result, HR did not significantly change during the daytime. 
Our result agreed with the notion that light increases the heart rate in a 
time-of-day-dependent manner, with an increase at night and no effect 
during the daytime (Frank et al.,1999; Rüger, et al., 2009). 
 
4-5 Conclusion  
 
We compared the cardiovascular responses of the red and blue 
monochromatic light by assessing the responses to an simple reaction time 
task. The influence of wavelength of the monochromatic light was observed 
in the task performance. In addition, the influence of intensity of 
monochromatic light was observed in the blood pressure, especially during 
the recovery periods. Furthermore, our results suggest that trait anxiety 
may have an impact on blood pressure responses following lower-irradiance 
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short-wavelength light conditions. 
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Chapter 5  
 
 
General Discussion and Conclusion 
 
 
 
 
 
5-1 Abstract of each chapter 
   
Chapter 1 is an introduction to the history of lighting and to human 
adaptation to the light environment, including a discussion of basic 
knowledge about the effects of light on the body and a review of the 
physiological effects of monochromatic light. Researches on cardiovascular 
responses to stress are also introduced, and the influences of color and the 
personality of the subject are described. The approach and purpose of the 
present study are introduced. 
In Chapter 2, we examine whether short-term exposure to 
short-wavelength blue light or long-wavelength red light affects objective 
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measures of alertness on ERP during the daytime, and evaluate the possible 
correlation between monochromatic light exposures and Type A patterns of 
behavior. While it has been well established that individuals exposed to the 
same stressor exhibit marked variability in their responses (Miller et al., 
1992), our results suggest that subjects who scored high on Type A behavior 
patterns were more easily influenced by short-wavelength monochromatic 
light exposure than by long-wavelength monochromatic light exposure. 
Additionally, these subjects seemed to be more susceptible to environmental 
changes and stress. 
In Chapter 3, we explore the influences of long- and short-wavelength 
light of different intensities on the CNS during the daytime. We measured 
the effect of low, medium, and high intensities of long- and short-wavelength 
light on contingent negative variation (CNV) and on subjective evaluation. 
Our results show that the influence of the wavelength of the monochromatic 
light is seen in task performance, indicating that the reaction time for 
short-wavelength light is shorter than that for long-wavelength light. 
Furthermore, the influence of the intensity of monochromatic light was 
observed in the early CNV component, with the early CNV for the 
medium-intensity light being significantly higher than that for the low- or 
high-intensity light. It was also revealed that reaction time is slower for 
high-intensity light exposure than for medium intensity. Thus, an optimum 
light intensity is essential in order to improve performance and increase the 
readiness and motivation of higher nervous activity.  
In Chapter 4, we compared the effects of three different intensities (low, 
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medium, high) of two different wavelengths of light (red and blue) on 
cardiovascular responses by assessing responses to an auditory simple 
reaction time task, and evaluated the possible correlation between 
monochromatic light and the specific personality trait of anxiety in our 
subjects. Each session consisted of 5 minutes of baseline measurement 
followed by 10 minutes of an auditory simple reaction time task during 
exposure to the red or blue light, with 10-minute recovery periods between 
sessions. We found that the wavelength of the monochromatic light played a 
role in the performance of the task, with the reaction time for the blue light 
being significantly shorter than that for the red light. The influence of 
intensity was observed in blood pressure, especially during the recovery 
periods; while blood pressure increased up to the medium level of light 
intensity, it decreased at high intensity. In addition, during the task periods, 
a significant correlation was found only between changes in score of mean 
arterial pressure and changes in score of cardiac output, suggesting that blue 
light exposure causes a clear cardiac response. Furthermore, our results 
indicate that anxiety may have an impact on blood pressure responses 
following lower-irradiance short-wavelength light conditions. 
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5-2 Conclusion of the present study and future considerations 
  
With respect to factors associated with alerting effects, the personal 
characteristics of subjects are a new viewpoint for understanding human 
physiological responses to monochromatic light exposure. Briefly, the present 
study demonstrates that both short-wavelength blue light and 
long-wavelength red light are effective at stimulating subjective and 
objective alertness during the daytime. We also confirmed the effects of extra 
intensity on physiological responses. For example, in order to improve 
performance and increase the readiness and motivation of higher nervous 
activity and exercise expectations for the stimulus, the optimum light 
intensity is essential. The influence of the intensity of the monochromatic 
light was also observed in blood pressure, especially during the recovery 
periods. 
Another possibility is that this alerting effect of light may be a 
psychological result. It is believed that monochromatic light-induced mood 
may lead to an increase in alertness and a decrease in subjective sleepiness 
(Koyama, 2008)). State anxiety was significantly increased after red light 
exposure, but not after exposure to blue light. Uncomfortable feelings or 
negative emotions may lead to higher levels of arousal. However, the 
mechanisms by which monochromatic light exposure causes discomfort or 
negative emotions remain unknown.  
The present study was limited in the physiological parameters examined, 
and it is necessary to evaluate other physiological parameters such as pupil 
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diameter and stress hormones, which may act differently on physiological 
functions. It is known that neural regions affecting the CNS, ANS, and motor, 
hormone and immune systems are extensively distributed along the 
transmission pathway; thus, lighting may affect an extensive range of 
physiological functions as possible non-visual effects (Yasukouchi et al., 1998, 
2000; Berson et al., 2002). In order to predict the light quantum reaching the 
retina, retinal radiant flux, which is defined as the product of the pupil area 
times irradiance at eye level under exposure to a light stimulus, is measured 
(Yasukouchi et al., 2007).  
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5-3 The application of research result  
 
The next generation of artificial lighting is likely to shift toward 
long-lasting and energy-saving LEDs sources from heat-emitting and 
high-energy-consuming fluorescent and halogen sources. It is increasingly 
urgent, therefore, to develop a method of characterizing and specifying 
individual differences in reactions to different types of light.  
The present results demonstrate that both short-wavelength (blue) and 
long-wavelength (red) light can be used to increase alertness during the 
daytime. For example, if a high level of arousal is necessary in the work 
environment, light that contains shorter wavelength components is desirable 
for individuals who score high on Type A behavior patterns. On the other 
hand, while exposure to red light increases alerting effects, it is also 
necessary to consider negative psychological effects such as anxiety. In 
addition, it is valuable to be able to determine the correct light intensity and 
color spectrum for a specific task or environment so that the use of light may 
be more effective in reducing stress, decreasing anxiety, holding attention, 
and improving mood. 
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